Introduction: Prolonged QT dispersion time is known to be associated with cardiac arrhythmias and sudden cardiac death. It was proved previously that electrical heterogenity caused by myocardial ischemia, hypertrophic cardiomyopathy, electrolyte imbalance, heart failure prolongs QT dispersion time. The aim of this study was to investigate the effect of surgical revascularization on QT dispersion time in ischemic patients not having necrotic/fi brotic segments in transthoracic echocardiography.
INTRODUCTION
QT dispersion, a measure of interleads QT variability, represents the regional nonuniformity of ventricular repolarization. An increased QT dispersion time is thought to be a possible risk factor for malign ventricular arrhythmias and sudden cardiac death (1, 2) . QT dispersion time is defi ned as the difference between the longest and shortest QT intervals in 12-lead electrocardiography (ECG) (3) . Previous studies have been reported that prolongation of QT dispersion time is associated with acute or remote myocardial infarction (MI), myocardial ischemia, hypertrophic cardiomyopathy, heart failure, electrolyte disturbances and morbid obesity (4) (5) (6) (7) (8) (9) .
Several studies have demonstrated that, reperfusion of necrotic/fi brotic segment including ischemic myocardium reduces QT dispersion time (10) (11) (12) (13) . However, there is limited data about effect of surgical revascularization on QT dispersion time in patients who do not have necrotic/fi brotic myocardium in transthoracic echocardiography.
The aim of this study was to investigate the effect of surgical revascularization on QT dispersion time in ischemic patients who do not have necrotic/fi brotic myocardium in transthoracic echocardiography.
PATIENTS and METHODS
Subjects for this study were drawn retrospectively from medical records of 857 patients, who hospitalized with coronary artery disease and treated with surgical revascularization at cardiology service between September 2008 and May 2012. Exclusion criteria were as follows; a) a QRS witdh > 0.10 second, b) histroy of previous MI, c) using any one of the class I or class III antiarrhythmic drugs during preoperative, peroperative or postoperative periods, d) having a previous or concomitant valvular surgery, e) having akinetic, dyskinetic or aneursymal segment in left ventricle according to 17 segment evaluation recommendation model of American Echocardiography Society, f) incomplete surgical revascularization, g) having a rhythm other than normal sinus rhythm, h) having electrolite imbalance. After application of the exclusion criteria, 247 patients (88 women and 159 men) were included in the study.
(45.3 ± 1.1) (p< 0.001), and also between QTcd3 (50.4 ± 1.2) and QTcd7 (45.3 ± 1.1) (p< 0.001). There was no signifi cant difference between QTcd1 (55.3 ± 1.7) and QTcd3 (50.4 ± 1.2) (p= 0.078).
Conclusion:
Surgical revascularization of non-necrotic/non-fi brotic ischemic myocardium causes statistically signifi cant decrease in QT : dispersion time from the postoperative fi rst day. 
Measurement of QT Dispersion
For the measurement of QT interval, standard 12 lead surface ECG recordings were used (Hewlet Packard Pagewriter 200i) which were obtained at a paper speed of 25 mm/sec and gain of 10 mm/mV in the supine position and breathing freely but not allowed to speak during the ECG recording. QT interval was measured from the begining of the QRS complex to the end of the T wave which was defi ned as the return to the TP baseline (between the end of the T wave and the following P wave) in all derivations. QT measurements were not made in leads where T wave could not be reliably determined. All included patients have at least 8 leads where QT intervals reliably measurable. QT dispersion was defi ned as the difference between the maximum and minimum QT interval. All QT dispersions were corrected for the heart rate by dividing by the square root of the R-R interval according to the Bazett's formula (QT/√R-R) (14) .
All the included patients fi les were numbered seperately. Three different cardiologists, who do not know the operation date of the patients, evaluated all the ECG recordings in the patients fi les. Corrected QT (QTc) dispersion times of all ECG recordings calculated by three different cardiologists seperately. After that, average QTc dispersion time value for each ECG recording is calculated. Thus, we obtained the QTc dispersion time data which we used in this study. Afterwards, we obtained preoperative, postoperative fi rst, postoperative third, and postoperative seventh day's QTc dispersion time according to operation time.
Statistical Analysis
All statistical calculations were performed with SPSS software (SPSS, version 14.0, SSPS Inc, Chicago, IL). Differences among the four groups were analyzed by an analysis of variance test. Homogeneity of variances was calculated with the Levene test and the Lilliefors significance correction test. Either the Chi-square or Fisher's exact test was used to analyze categorical variables, where appropriate. Inter-observer agreement was calculated using Fleiss Kappa coeffi cient. A Kappa coeffi cient (κ) < 0.40 is considered poor agreement, 0.41-0.60 moderate, 0.61-0.80 substantial, and more than 0.80 near complete agreement. Data are expressed as means ± SD. Differences were considered statistically signifi cant at p< 0.05.
RESULTS
A total of 247 patients were evaluated. Demographic, clinical, and echocardiographic characteristics of patients are shown in Table 1 . Interobserver agreement data of three different cardiologists for QTc dispersion using the Fleiss Kappa test are shown in Table 2 . Overall concordance was substantial (κ= 0.64, CI 95%). QTc maximum, QTc minimum and QTc dispersion values of preoperative, postoperative fi rst, postoperative third and postoperative seventh days are given in Table 3 .
Prerevascularization QTc dispersion time (QTcd0) was compared with post revascularization fi rst (QTcd1), third (QTcd3), and seventh (QTcd7) day QTc dispersion time.
There were statistically signifi cant shortening in QTc dispersion time among QTcd0 (83.6 ± 2) and QTcd1 (55.3 ± 1.7), QTcd3 (50.4 ± 1.2), QTcd7 (45.3 ± 1.1) (p< 0.001). (Figure 2 ).
DISCUSSION
In our study, we detected a noteworth decrease in QTc dispersion time after surgical revascularization of ischemic nonnecrotic/fi brotic myocardium. Furthermore, this decrease begins early from the postoperative fi rst day.
It has long been known that myocardial ischemia, necrosis and fi brosis could prolong QTc dispersion time (6, 7) .
Higham et al. investigated the unstable angina and acute MI patients. They found that QTc dispersion time was higher in both groups. However QTc dispersion time was signifi cantly longer in MI group than unstable angina group (15) . Successfull revascularization of ischemic myocardium with percutaneous way is thought to cause a decrease in QTc dispersion time. Giedrimiene et al. showed that myocardial ischemia could prolong QTc dispersion time in coronary artery disease (CAD) and succesfull reperfusion by way of angioplasty regardless of number of occluded coronary arteries decreases QTc dispersion time (16) . Kelly et al. also proved that successful angioplasty decreases QTc dispersion time in ischemic patients without ongoing symptomatic ischemia or malignant arrhythmias (17) . Pan et al. investigated the prognostic value of QTc dispersion change following primary percutaneous coronary intervention in acute ST elevation MI. They found that QTc dispersion time signifi cantly decreased after primary percutaneous intervention. Morover, absolute cQT dispersion changes after primary percutaneous interventions were independent predictors of the development of major cardiovascular events in acute ST elevation MI (18) .
Effect of thrombolytic therapy on QTc dispersion time is controversial. Mehta et al. showed that QTc dispersion time is not signifi cantly changed after thrombolytic therapy in acute MI (19) . However, in Moreno et al's study successful thrombolytic therapy decreased QTc dispersion time (20) .
It is also proved that QTc dispersion time was signifi cantly decreased after surgical revascularization and concomitant aneursymectomy. Gulcan et al. showed that coronary artery bypass grafting and aneurysmectomy decreased QTc dispersion time in moderate or severe left ventricular dysfunction (21) . Kosar et al. also proved that coronary artery bypass grafting and aneurysmectomy improved QTc dispersion time (22) .
Because patients having necrotic/fi brotic myocardial tissue are not excluded in the great majority of previous studies, the net effect of revascularization of ischemic myocardium on improvement of QTc dispersion time is not clear. Consequently, effect of surgical revascularization on QT dispersion time in ischemic patients who do not have necrotic/fi brotic myocardium is not well known. In our study, we aimed to investigate the net effect of revascularization of ischemic myocardium on QTc dispersion time. For this purpose all subjects having necrotic/fi brotic myocardial segments in transthoracic echocardiography were excluded. At fi rst sight, it could be thought that resting echocardiography instead of a myocardial stress test is not the correct technique of diagnosing necrotic/fi brotic myocardial segment. For example, if we think of a subject who was excluded from our study because of having an akinetic or dyskinetic segment in resting echocardiography could be included to the study if a myocardial stress test was been applied. In our study design we excluded some subjects who could be included, but we did not include subjects who should be excluded. Exclusion (not inclusion) of these subjects do not decrease the power of our study. Conversely because we aimed to exclude subjects having necrotic/fi brotic myocardium this type of design should increase power and reliability of our study.
In this study, we showed that surgical revascularization of myocardium not having necrotic segments in transthoracic echocardiography decreases QTc dispersion time. This data is similar to the data from the previous studies.
It was proven with previous studies that changes in QTc dispersion time begin from the early minutes of revascularization. Takase et al. studied the effect of exercise induced ischemia on QTc dispersion time. They found that prolongation of QTc dispersion time begins from the third minute of exercise (23) . In another study Ilkay et al. showed that decrease in QTc dispersion time began in the fi rst hour after primary percutaneous intervention in acute MI (24) . We also showed that shortening of QT dispersion time after surgical revascularization begins as early as in the postoperative fi rst day and continues in postoperative third and seventh day.
Major limitation of our study is the detection method of necrotic/fi brotic myocardium. Resting echocardiography is certainly not enough for detection of akinetic/dyskinetic myocardium. Unfortunately, retrospective design of our study did not permit us to use other modalities for detection of necrotic/fi brotic myocardium. However, application of a stress test ,which is more spesifi c, to patients having critical CAD could cause ethical problems. Fortunately, all echocardiographic examinations were done by well trained cardiologists. Morover, exclusion of patients who have akinetic segments in resting echocardiography but ischemia in a stress test could possibly increase the power of the study.
Study Limitation
Major limitation of our study is the detection method of necrotic/fi brotic myocardium. Resting echocardiography is certainly not enough for detection of akinetic/dyskinetic myocardium. Unfortunately, retrospective design of our study did not permit us to use other modalities for detection of necrotic/fi brotic myocardium. However, application of a stress test ,which is more spesifi c, to patients having critical CAD could cause ethical problems. Fortunately, all echocardiographic examinations were done by well trained cardiologists. Morover, exclusion of patients who have akinetic segments in resting echocardiography but ischemia in a stress test could possibly increase the power of the study. Another point is the paper speed and gain of the ECG recordings. ECG recordings at a paper speed of 50 mm/sec and gain of 20 mm/mV could be better for QT time measurment. However, retrospective design of the study have obviated this.
In this study, we concluded that surgical revascularization of ischemic non-necrotic myocardium signifi cantly decreased QTc dispersion time. This decrease began as early as the post operative fi rst day. If we consider decrease of QTc dispersion time as an indicator of improved myocardial ischemia, success of surgical revascularization may be evaluated in an easy, fast, and cost effective manner just with evaluation of pre and post operative ECG records.
